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(57)  The transmission comprises: a first and a sec-
ond input shaft (110, 112; 210; 310; 410, 412; 510, 512);
a first and a second friction clutch (114, 116; 414, 416;
514, 516) associated, respectively, with the first and the
second input shaft (110, 112; 210; 310; 410, 412; 510,
512); a first and a second output shaft (117, 119; 217,
219; 317, 319; 417, 419; 517, 519); a plurality of driving
gear wheels (121-125; 221-225; 321-324; 421-425;
521-525) carried by the input shafts (110, 112; 210; 310;
410, 412; 510, 512); a plurality of driven gear wheels
(131-136, 138; 231-236, 238; 331-336, 338; 431-438;
531-536, 538) carried by the output shafts (117, 119;
217, 219; 317, 319; 417, 419; 517, 519) and engaging
with the driving gear wheels (121-125; 221-225;
321-324; 421-425; 521-525) to provide the transmission
ratios associated with the different gears (I, 11, 111, IV, V,
VI R; 1L L 1V, V, VI, VL R); and a plurality of engage-
ment sleeves (141-144; 241-244; 341-344; 441-444;
541, 544) operable selectively to engage a given gear.
The driven gear wheel (136; 236; 336; 436; 536) asso-
ciated with the sixth gear (VI) and the driven gear wheel
(134;234; 334; 434; 534) associated with the fourth gear
(IV) engage with the same driving gear wheel (124; 224;
324; 424; 524) and are positioned on the side of the
transmission facing the friction clutches (114, 116; 414,
416; 514, 516). The driving gear wheels (121; 221; 321;
421; 521) and driven gear wheels (131; 231; 331; 431;
531) associated with the first gear (l) are positioned on
the side of the transmission axially opposite that of the
gear wheels (1V, VI) of fourth and sixth gear.

Gearbox architectures for a family of single and double clutch transmissions for motor
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Description

[0001] The presentinvention relates to gearbox archi-
tectures for a family of single and double clutch trans-
missions for motor vehicles, with six or more gears.
[0002] Italian patent application No. TO2001A0002 in
the name of the applicant discloses a six-gear double
clutch transmission for motor vehicles, which compris-
es:

a first and a second coaxial input shaft; a first and
a second output shaft;

a first and a second friction clutch for coupling, re-
spectively, the first and second input shafts to an
engine shaft;

a first group of driving gear wheels associated with
the odd gears (first, third and fifth) and with the re-
verse gear, carried by the first input shaft;

a second group of driving gear wheels associated
with the even gears (second, fourth and sixth), car-
ried by the second input shaft;

a plurality of driven gear wheels, each associated
with a corresponding gear, carried by the output
shafts; and

engagement sleeves, operable selectively to con-
nect rotationally one of the driving wheels to the cor-
responding input shaft and/or one of the driven
wheels to the corresponding output shaft.

[0003] A transmission of this type enables all the gear
changes to be made in the so-called "power-shift" mode,
in other words with controlled power and torque transfer
between the two friction clutches.

[0004] Additionally, the unpublished Italian patent ap-
plication No. TO2003A001023 in the name of the appli-
cant discloses a six-gear double clutch transmission,
comprising:

a first input shaft which carries driving gear wheels
of first, third, fifth and sixth gear, as well as for re-
verse gear;

a second input shaft, coaxial with the first, which
carries driving gear wheels of second and fourth
gears;

a first and a second friction clutch for coupling the
first and second input shafts, respectively, to a driv-
ing shaft of the motor vehicle;

atleast a first output shaft carrying a plurality of driv-
en gear wheels, each engaging, directly or indirect-
ly, with a corresponding driving gear wheel;

a first engagement sleeve associated with the driv-
ing or driven gear wheels of first and third gears;

a second engagement sleeve associated with the
driving or driven gear wheels of second and fourth
gears;

a third engagement sleeve associated with the driv-
ing or driven gear wheels of fifth and sixth gears;
and
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a fourth engagement sleeve associated with the
driving or driven gear wheel of reverse gear.

[0005] Unlike the transmission mentioned above, this
second type of transmission does not permit changing
between fifth and sixth gears in "power-shift" mode.
[0006] However, the double clutch transmissions for
motor vehicles proposed up to the present time have the
disadvantage of having a different structure from that of
ordinary single clutch transmissions, whether manual or
robotized, and therefore they cannot be easily produced
from the latter, but require dedicated production sys-
tems, with a consequent increase in manufacturing
costs.

[0007] The object of the invention is therefore to pro-
vide transmission architectures for motor vehicle, with
six or more gears, which have a high level of synergy
between the double clutch configuration and the corre-
sponding single clutch configuration, whether manual or
robotized, so that the manufacturing costs can be re-
duced with respect to the prior art discussed above. A
further object of the present invention is to provide trans-
mission architectures for motor vehicle, with six or more
gears, which have a simpler structure and smaller over-
all dimensions, particularly in the axial direction, with re-
spect to the prior art.

[0008] These and other objects are achieved accord-
ing to the invention by a transmission having the char-
acteristics specified in the attached claims.

[0009] As will be made clear by the following descrip-
tion, a transmission according to the invention makes it
possible to maximize the number of components in com-
mon with the single clutch configuration (manual or ro-
botized) and the corresponding double clutch configu-
ration, and to minimize the number of modifications re-
quired for changing from one version to the other. Thus
the two configurations (single and double clutch) of a
single transmission can be manufactured on the same
production line, and therefore at lower cost.

[0010] As will be made clear by the following descrip-
tion, it is basically sufficient to invert the arrangement of
the gear trains of second and third gears and to combine
the two primary shafts in order to change from the dou-
ble clutch configuration to the single clutch configura-
tion. This is made possible by the special arrangement
of the gear trains which provide the different gears, par-
ticularly by the fact that the gear trains of first and fifth
gears are positioned on the one side of the transmission
and the gear trains of fourth and sixth gears are posi-
tioned on the other side. This configuration is possible
because the direction of engagement of the odd gears
is opposite that of the even gears, as in the case of man-
ual gearboxes.

[0011] Additionally, a transmission according to the
invention offers high flexibility of configuration, since it
allows the production of either a very compact and in-
expensive manual version or a more sophisticated dou-
ble clutch version with six or seven gears.
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[0012] Another advantage is given by the reduction in
the overall axial dimensions and volume of the transmis-
sion. A further advantage is the minimization of the
number of driving wheels, owing to the sharing of the
gears. In particular, the sharing of the reverse gear en-
ables the reverse gear shaft to be dispensed with.
[0013] Further characteristics and advantages of the
invention will be made clear by the following detailed de-
scription, provided purely by way of non-limitative ex-
ample, with reference to the attached drawings, in
which:

Figure 1 is a view in axial section of a six-gear dou-
ble clutch transmission for a motor vehicle accord-
ing to a first embodiment of the present invention;

Figure 2 is a view in axial section of a manually op-
erated six-gear single clutch transmission, which
can be produced from the transmission of Figure 1;

Figure 3 is a view in axial section of a variant of con-
struction of the six-gear single clutch transmission
of Figure 2;

Figure 4 is a view in axial section of a further pre-
ferred embodiment of a motor vehicle transmission
of the type with seven gears and double clutch; and

Figure 5 is a view in axial section of a six-gear dou-
ble clutch transmission, which can be produced
from the transmission of Figure 4.

[0014] The gear trains corresponding to the different
forward gears of the transmission are indicated in the
figures by Roman numerals I, 11, Ill, IV, V, VI and VII, for
the first, second, third, fourth, fifth, sixth and seventh
gears respectively, while the reverse gear is indicated
by the letter R.

[0015] With initial reference to Figure 1, a six-gear
double clutch transmission for a motor vehicle according
to afirst preferred embodiment of the invention basically
comprises:

a first input shaft 110;

a second input shaft 112, coaxial with the first shaft
110 and made in the form of a hollow shaft in which
is inserted the portion of the first shaft 110 close to
the engine of the motor vehicle (not shown);

a first, normally engaged, friction clutch, generally
indicated 114, for coupling the first input shaft 110
to a driving shaft 100 (of which only an end portion
is shown);

a second, normally disengaged, friction clutch, gen-
erally indicated 116, for coupling the second input
shaft 112 to the driving shaft 100;

a first output shaft 117 carrying a final reduction pin-
ion 118; and

a second output shaft 119 carrying a final reduction
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pinion 120.

[0016] The first input shaft 110 carries a driving gear
wheel 121 of first gear, formed as a ring gear integral
with the shaft a driving gear wheel 123 of third gear and
a driving gear wheel 125 of fifth gear which are fixed
rotationally to the shaft and engage with corresponding
driven gear wheels 131 of first gear, 133 of third gear
and 135 of fifth gear, idly mounted on the first output
shaft 117. A first engagement sleeve 141, movable se-
lectively to the left and to the right to engage the first
and third gear respectively, is fitted between the two idle
driven wheels 131 and 133.

[0017] The second input shaft 112 carries a driving
gear wheel 122 of second gear, formed in this case as
a ring gear integral with the shaft, and a driving gear
wheel 124 of fourth and sixth gear, which are rotationally
fixed to the shaft. The driving gear wheel or ring gear
122 engages with a driven gear wheel 132 of second
gear idly mounted on the second output shaft 119. The
driving wheel 124 engages both with a driven gear
wheel 134 of fourth gear idly mounted on the second
output shaft 119 and with a driven gear wheel 136 of
sixth gear idly mounted on the first output shaft 117.
[0018] A second engagement sleeve 142, movable
selectively to the left and to the right to engage the fifth
and sixth gear respectively, is fitted between the two idle
driven wheels 135 and 136. A third engagement sleeve
143, movable selectively to the left and to the right to
engage the second and fourth gear respectively, is fitted
between the two idle driven wheels 132 and 134.
[0019] The reverse gear train is obtained by using, as
the driving and idle wheel respectively, the gear wheels
121 and 131 of first gear, and as the driven wheel a third
wheel 138 idly mounted on the second output shaft 119
and connectable rotationally to this shaft by means of a
fourth engagement sleeve 144.

[0020] Asiis clear from Figure 1, the gear trains fourth
and sixth gears are positioned on the side of the trans-
mission facing the friction clutches 114 and 116, in other
words facing the engine, while the gear trains of first and
reverse gears are positioned on the axially opposite
side.

[0021] Since the gear trains of first and reverse gears
are shared, this variant of construction enables reverse
gear to be obtained without the need to provide for ded-
icated idle wheels or idle shafts. Furthermore, since the
gear trains of fourth and sixth gears are also shared, the
overall axial dimensions of the transmission are re-
duced.

[0022] Preferably, this embodiment provides for the
use of identical final reduction pinions 119 and 120, with
different centre distances between the two output shafts
117 and 119 and the axis of the two input shafts 110 and
112.

[0023] The transmission described above does not
permit gear changing in "power-shift" mode between the
fifth and sixth gears, since the driven gear wheels 135
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and 136 of fifth and sixth, both idly mounted on the first
output shaft 117, can be engaged by means of the same
engagement sleeve 142. However, this limitation does
not adversely affect driving comfort, since the "jerk" oc-
curring in the vehicle on changing between the two high-
est gears is contained and therefore scarcely noticeable
by the driver.

[0024] The two friction clutches 114 and 116 are pref-
erably of the dry type, in order to maximize the trans-
mission efficiency. Additionally, due to the use of a nor-
mally engaged friction clutch for the input shaft carrying
the driving wheels of first and reverse gearsiitis possible
to dispense with the parking device, by contrast with a
solution in which both of the friction clutches are normal-
ly disengaged. Since the other friction clutch is normally
disengaged, problems (breakage of the gearbox and/or
hazards to the user) are also avoided which might arise
in case of afailure (electrical, electronic and/or hydraulic
fault) in the course of a gear change which requires the
simultaneous engagement of the two gears, without the
need to adopt an appropriate safety system, which is
rather necessary in transmissions in which both of the
friction clutches are of the normally engaged type.
[0025] The transmission architecture described
above has the advantage that it can be produced easily
from a six-gear single clutch transmission, whether
manually operated or robotically operated. Such a sin-
gle clutch transmission, in the manually operated ver-
sion, is shown in Figure 2, in which parts and elements
identical or corresponding to those of Figure 1 have
been assigned the same reference numbers, increased
by 100.

[0026] As shown clear by a comparison between Fig-
ures 1 and 2, the double clutch transmission of Figure
1 can be produced from the single clutch transmission
of Figure 2 simply by replacing the single input shaft with
the two input shafts and by inverting the order of the
gear trains of second and third gears. Conversely, the
single clutch transmission of Figure 2 can be produced
from the double clutch transmission of Figure 1 simply
by combining the two input shafts and inverting the order
of the gear trains of second and third gears.

[0027] In this embodiment also, the gear trains of
fourth and sixth gears share the driving wheel, indicated
224, and are positioned on the side of the transmission
facing the engine. Additionally, as in the transmission of
Figure 1, the gear trains of first and reverse gears share
the driving wheel, indicated 221, and are positioned on
the opposite side of the transmission.

[0028] A variant of construction of the six-gear single
clutch transmission of Figure 2 is shown in Figure 3, in
which parts and elements identical or corresponding to
those of Figure 2 have been assigned the same refer-
ence numbers, increased by 100.

[0029] This variant of construction differs from the em-
bodiment of Figure 2 in that the gear trains of third and
fifth gears are shared. The sharing of these two gears
is made possible by the fact that the gear trains of third
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and fifth gears are positioned adjacently in the architec-
ture of Figure 2. Therefore, a single driving gear wheel,
indicated 323, is is provided, which is connected rota-
tionally to the input shaft 310 and engages both with the
driven gear wheel 333 of third gear, idly mounted on the
second output shaft 319, and with driven gear wheel 335
of fifth gear, idly mounted on the first output shaft 317.
Since these two further gears are shared, a further re-
duction in the overall axial dimensions of the transmis-
sion is achieved with respect to the solution of Figure 2.
[0030] Another preferred embodiment of a double
clutch transmission for a motor vehicle according to the
invention is shown in Figure 4, in which parts and ele-
ments identical or corresponding to those of Figure 1
have been assigned the same reference numbers, in-
creased by 300. In this case, the transmission has seven
gears, with two output shafts 417 and 419 advanta-
geously carrying final reduction pinions 418 and 420
with identical numbers of teeth. This constructional so-
lution provides for sharing between the first and reverse
gears, between the fourth and sixth gears, and between
the fifth and seventh gears.

[0031] A first input shaft 410 carries driving gear
wheel 421 of first and reverse gears, formed as a ring
gear integral with the shaft, a driving gear wheel 423 of
third gear and a driving gear wheel 425 of fifth and sev-
enth gears which are fixed rotationally to the shaft. The
driving wheels 421 and 423 engage with corresponding
driven gear wheels 431 and 433 of first and third gears
idly mounted on the first output shaft 417. The driving
wheel 425 engages with both a driven gear wheel 435
of fifth gear idly mounted on the second output shaft 419
and with a driven gear wheel 437 of seventh gear idly
mounted on the first output shaft 417.

[0032] A first engagement sleeve 441, movable se-
lectively to the left and to the right to engage the first
and third gear respectively, is fitted between the two idle
driven wheels 431 and 433. The fifth gear can be en-
gaged by moving to the right a second engagement
sleeve 442, for rotationally connecting the idle wheel
435 to the second output shaft 419.

[0033] The seventh gear can be engaged by moving
to the left a third engagement sleeve 443 for rotationally
connecting the idle wheel 437 to the first output shaft
417.

[0034] A second input shaft 412 carries a driving gear
wheel 422 of second gear, formed as a ring gear integral
with the shaft, and a driving gear wheel 424 of fourth
and sixth gears, which are fixed rotationally to the shaft.
The driving gear wheel 422 engages with a driven gear
wheel 432 of second gear idly mounted on the second
output shaft 419. The driving wheel 424 engages both
with a driven gear wheel 434 of fourth gear idly mounted
on the second output shaft 419 and with a driven gear
wheel 436 of sixth gear idly mounted on the first output
shaft 417.

[0035] A fourth engagement sleeve 444, movable se-
lectively to the left and to the right to engage the second
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and fourth gear respectively, is fitted between the two
idle driven wheels 432 and 434. On the other hand, the
sixth gear can be engaged by moving the third engage-
ment sleeve 443 to the right in such a way as to rota-
tionally connect the idle wheel 436 to the first output
shaft 417.

[0036] The reverse gear train is obtained by using, as
the driving and idle wheel respectively, the gear wheels
421 and 431, of first gear and as the driven wheel a third
wheel 438 idly mounted on the second output shaft 419
and connectable rotationally to this shaft by means of
the second engagement sleeve 442.

[0037] In this case also, the two gear trains of fourth
and sixth gears are positioned on the side of the trans-
mission facing the engine, while the gear trains of first
and reverse gears are positioned on the axially opposite
side.

[0038] Since the gear trains of first and reverse gears,
of fourth and sixth gears, and of fifth and seventh gears
are shared, a seven-gear transmission is achieved
which has overall axial dimensions substantially equal
to those of the six-gear transmission of Figure 1. Anoth-
er advantage of a seven-gear transmission of this type
is that its total range is close to that of a continuously
variable transmission (CVT), with an unchanged overall
efficiency (typical of that of an ordinary discrete gear-
box) and a considerable simplification as regards con-
trol system. Furthermore, since the seventh gear is op-
erated by an input shaft (in other words the first shaft
410) associated with a normally engaged friction clutch
(in other words the first clutch 414), when driving on a
motorway with the seventh gear engaged there is no
need to keep the associated friction clutch energized,
thereby improving energy efficiency.

[0039] A further six-gear double clutch transmission
architecture for a motor vehicle can be obtained in a very
simple way and with the maximum amount of synergy
from the seven-gear transmission of Figure 4. This fur-
ther architecture is shown in Figure 5, in which parts and
elements identical or corresponding to those of Figure
4 have been assigned the same reference numbers, in-
creased by 100.

[0040] With respect to the embodiment of Figure 4,
the driven wheel 437 of seventh gear is absent and the
sixth and seventh gear engagement sleeve (here indi-
cated 543) is of the single engagement type, rather than
the double engagement type, since it only has to be
used to engage the driven wheel of sixth gear (here in-
dicated 536). A transmission is thus achieved which re-
tains the dimensions and almost all of the components
of the transmission of Figure 4 and also has the advan-
tage of enabling all the sequential gear changes to be
made in power-shift mode.

Claims

1. Transmission for a motor vehicle with six or more
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gears, comprising:

atleastone input shaft (110, 112; 210; 310; 410,
412; 510, 512);

at least one friction clutch (114, 116; 414, 416;
514, 516) associated with the said at least one
input shaft (110, 112; 210; 310; 410, 412; 510,
512);

afirst and a second output shaft (117, 119; 217,
219; 317, 319; 417, 419; 517, 519);

a plurality of driving gear wheels (121-125;
221-225; 321-324; 421-425; 521-525) carried
by the said at least one input shaft (110, 112;
210; 310; 410, 412; 510, 512);

a plurality of driven gear wheels (131-136, 138;
231-236, 238; 331-336, 338; 431-438;
531-536, 538) carried by the output shafts (117,
119; 217, 219; 317, 319; 417, 419; 517, 519)
and engaging directly or indirectly with the driv-
ing gear wheels (121-125; 221-225; 321-324;
421-425; 521-525) to provide the transmission
ratios associated with the different gears (l, I,
1, v, V, VL R; I 1L L IV, V, VL VI R); and

a plurality of engagement sleeves (141-144;
241-244; 341-344; 441-444; 541, 544), opera-
ble selectively to engage a given gear;

characterized in that the driven gear wheel (136;
236; 336; 436; 536) associated with the sixth gear
(VI) and the driven gear wheel (134; 234; 334; 434;
534) associated with the fourth gear (IV) engage
with the same driving gear wheel (124; 224; 324;
424; 524);

in that the driving gear wheel (124; 224; 324; 424;
524) of fourth and sixth gears (IV, VI), the driven
gear wheel (134; 234; 334; 434; 534) of fourth gear
(IV) and the driven gear wheel (136; 236; 336; 436;
536) of sixth gear (VI) are positioned on the side of
the transmission facing the said at least one friction
clutch (114, 116; 414, 416; 514, 516); and in that
the driving gear wheels (121; 221; 321; 421; 521)
and driven gear wheels (131; 231; 331; 431; 531)
associated with the first gear (I) are positioned on
the side of the transmission axially opposite that of
the aforesaid wheels (IV, VI) of fourth and sixth
gears.

Transmission according to Claim 1, in which the
gear train of reverse gear (R) comprises the driving
gear wheel (121;221; 321; 421; 521) and the driven
gear wheel (131; 231; 331; 431; 531) associated
with the first gear (l), operating as a driving wheel
and as an idle wheel respectively.

Transmission according to Claim 1, of the seven-
gear type, in which the driven gear wheel (435) as-
sociated with the fifth gear (V) and the driven gear
wheel (437) associated with the seventh gear (VII)
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engage with the same driving gear wheel (425).

Transmission according to Claim 1 or 2, in which
the driven gear wheel (333) associated with third
gear (lll) and the driven gear wheel (335) associat-
ed with fifth gear (V) engage with the same driving
gear wheel (323).

Transmission according to any one of the preceding
claims, in which the driven gear wheels (131-136,
138; 231-236, 238; 331-336, 338; 431-438;
531-536, 538) are idly mounted on the correspond-
ing output shafts (117, 119; 217, 219; 317, 319; 417,
419; 517, 519).

Transmission according to Claim 5, in which the
driven gear wheels (135, 136; 235, 236; 335; 336;
436, 437) associated with gears N-1 and N (V, VI,
VI, VII) are positioned adjacently on the same out-
put shaft (117; 217; 317; 417) and a common en-
gagement sleeve (142; 242; 342; 443) is interposed
between these two gear wheels.

Transmission according to any one of the preceding
claims, comprising

a first input shaft (110; 410; 510) carrying the
driving gear wheels (121, 123, 125; 421, 423, 425;
521, 523, 525) associated with the odd gears (I, I,
V; 1, 1, V, VII) and with the reverse gear (R);

a second input shaft (112; 412; 512) carrying
the driving gear wheels (122, 124; 422, 424; 522,
524) associated with the even gears (ll, IV, VI); and
a first and a second friction clutch (114, 116; 414,
416; 514, 516) associated, respectively, with the
first and the second input shaft (110, 112; 410, 412;
510, 512).

Transmission according to Claim 7, in which the
driven gear wheels (132, 134; 432, 434; 532, 534)
associated with the second and fourth gears (ll, IV)
are positioned adjacently on the second output
shaft (119; 419; 519) and a common engagement
sleeve (143; 444; 544) is interposed between these
two gear wheels.

Transmission according to Claim 7, in which the
driven gear wheels (131, 133; 431, 433; 531, 533)
associated with the first and third gears (I, Ill) are
positioned adjacently on the first output shaft (117;
417; 517) and a common engagement sleeve (141;
441; 541) is interposed between these two gear
wheels.

Transmission according to Claim 7, in which the
driven gear wheels (435, 438; 535, 538) associated
with the fifth gear (V) and with the reverse gear (R)
are positioned adjacently on the second output
shaft (419; 519) and a common engagement sleeve
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11.

12.

13.

14.

10

(442; 542) is interposed between these two gear
wheels.

Transmission according to any one of Claims 7 to
9, in which all the gear changes, except that be-
tween the two highest gears (V, VI; VI, VII) can be
made in "power-shift" mode.

Transmission according to Claim 10, of the six gear
type, in which all the sequential gear changes can
be made in "power-shift" mode.

Transmission according to Claim 7, in which the first
friction clutch (114; 414; 514) is of the normally en-
gaged type, while the second friction clutch (116;
416; 516) is of the normally disengaged type.

Transmission according to any one of the preceding
claims, in which both friction clutches (114, 116;
414, 416; 514, 516) are of the dry type.
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Fig. 5
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